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Dear reader:

It is an honor to present Volume 40 of the La
Granja Journal. This edition features a Special Issue
on the “Effects of the El Nifio Southern Oscillation
on Priority Sectors in the Region”, highlighting the
efforts of researchers dedicated to understanding
the influence of anthropogenic climate change on
public health, contributing to the management of
the health sector.

From a regional perspective, Molleda & Veldas-
quez Serra offer a review titled “El Nifio Pheno-
menon and the Prevalence of Infectious Diseases”,
exploring the relationship between changes in pre-
cipitation and temperatures during “El Nifio” pe-
riods and the prevalence of various infectious disea-
ses, including viral, bacterial, parasitic, and fungal
illnesses. The authors establish a clear link between
extreme climatic events and the increase in disea-
ses such as leptospirosis, dengue, and respiratory
illnesses, underscoring the need to enhance epide-
miological surveillance protocols and early warning
systems to control disease outbreaks.

At a local scale, the study by Vilema-Escudero
& Manya, titled “Climatic Risk in Local Health Ser-
vices in Ecuador”, provides an analysis of the im-
pact of climate risk caused by weather events as-
sociated with the El Nifio phenomenon on public
health services in 221 municipalities across Ecua-
dor. The authors reveal that healthcare coverage
and community resilience are key factors positively
influencing society’s capacity to recover from ad-
verse climate effects. One of the most significant
findings highlights the need to incorporate local
geographical particularities in determining climatic
risk and improving the quality of health informa-
tion in sectoral planning strategies to strengthen
decision-making processes.

Continuing with our miscellaneous articles, the
work “Ecological, Economic, and Social Impacts of
the Colombian Cocoa Sector” by Diego Ivan Cavie-
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des and Fabidn Parra of the Universidad Cooperati-
va de Colombia, along with Karla Andrade of Kyo-
to University, Japan, analyzes the effects of cocoa
production in Colombia. Using a systematic review
based on the Joanna Briggs Institute, the authors
identify 59 key impacts in the country’s main pro-
duction regions, emphasizing the relevance of these
findings for the sector’s sustainable development.
From the field of conservation, Ricardo Villalba-
Briones and Edwin Jiménez of the Escuela Superior
Politécnica del Litoral, Ecuador, Allison Rezabala
(Independent Consultant), and Martin Aguirreben-
goa of the University of Granada, Spain, examine
how conservation temperature influences the via-
bility of Cavanillesia platanifolia seeds, an endan-
gered species. The study found that cold storage
improves emergence rates and reduces seedling
mortality, suggesting its potential for reforestation
plans in the Neotropics.

Similarly, Julia Martinez and her team from the
Universidad del Azuay, Ecuador, address the issue
of urban noise pollution in Cuenca, analyzing 31
points across the city and revealing that in most of
the analyzed areas, noise levels exceed the natio-
nal regulatory limits. Additionally, they compared
data from sound level meters and sensor nodes,
showing a high correlation and emphasizing the
importance of calibrating instruments to ensure ac-
curate noise measurements. In the biotechnological
sciences, Antonio Pereira de Menezes Filho and
his team from the Goiano Federal Institute, Bra-
zil, investigate the impact of metal incorporation
on the biodegradability and antimicrobial proper-
ties of arrowroot starch-based biodegradable films.
The study demonstrates that the addition of metal
sulfates and chlorides significantly improves biode-
gradability, UV resistance, and bacterial inhibition,
suggesting the potential of these films for applica-
tions in biodegradable packaging with enhanced
antimicrobial properties.



Omar Malagén and his research team from the
Universidad Técnica Particular de Loja, Ecuador,
present an exhaustive study on the chemical cha-
racterization of the ethanolic extract of Gynoxys
cuicochensis Cuatrec, an endemic plant of the Lo-
ja paramos. Through advanced techniques such as
chromatography and mass spectrometry, they iden-
tified two key metabolites: nicotiflorin, a glycosy-
lated flavonoid, and 1,3-di-O-trans-feruloylquinic
acid, a phenolic derivative. In the same field, Jes-
senia Lucero and her team from the Instituto Su-
perior Tecnolégico Manuel Encalada Zafiiga, Ecua-
dor, explore the development of biopesticides from
Beauveria bassiana, a microorganism with signifi-
cant entomopathogenic potential. The study high-
lights the importance of optimizing cultivation and
fermentation conditions for large-scale production,
emphasizing the relevance of these biotechnologies
in reducing synthetic pesticide use and promoting
sustainable agricultural practices that ensure toxic
residue-free food.

In the agricultural sciences, Peruvian resear-
chers Daniel Paredes-Lépez from the Universidad
Nacional Agraria de la Selva, Uriel Aldava-Pardave
from the Universidad Nacional Agraria La Molina,

Sincerely,

PhD. Sheila Serrano Vincenti
Universidad Politécnica Salesiana
Editor in Chief

PhD. Ignacio de los Rios
Universidad Politécnica de Madrid ~ Universidad Yachay-Tech
Editor in Chief

and Miguel Morales-Cauti from the Universidad
Nacional Mayor de San Marcos, examine the he-
matological profiles and blood metabolites in gui-
nea pigs reared under an intensive system in the
humid tropics. The study reveals that these para-
meters show significant age-related variations, pro-
viding key information for the management and
well-being of guinea pigs in intensive production.
In the same field, José Alcivar-Cobena and his team
from the Universidad Estatal del Sur de Manabi,
Ecuador, and the Instituto de Ciencia Animal, Cu-
ba, present an experimental study to evaluate di-
gestibility in Cobb 500 chickens fed with different
levels of Sacha Inchi cake, suggesting it as a viable
supplement in broiler diets, with benefits for feed
efficiency and animal welfare.

In conclusion, these scientific articles offer va-
luable knowledge across various research areas.
This issue reflects our continued commitment to
integrating relevant topics that serve as a starting
point in managing strategic sectors to increase po-
pulation resilience to the adverse effects of climate
change. We invite you to delve into these studies
that provide relevant solutions to current challen-

ges.

PhD. Rubén Basantes

Guest Editor
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EL NINO SOUTHERN OSCILLATION AND THE PREVALENCE OF
INFECTIOUS DISEASES: REVIEW

EL FENOMENO DEL NINO Y LA PREVALENCIA DE ENFERMEDADES
INFECCIOSAS: REVISION

Patricia Molleda*'® and Glenda Veldsquez Serra?

YWniversidad Tecnoldgica Ecotec. Facultad de Ciencias de la Salud y Desarrollo Humano.Km.13.5 Samborondén, Samborondon,
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Abstract

Climate changes caused by the El Nifo oscillation southern (ENSO) significantly influence human diseases, becau-
se they are related to anomalies in precipitation or periods of drought. The aims of this paper are: to evaluate the
anomalies of the average sea surface temperature, to calculate the average sea surface temperature of the Nifio and
Nifio 1+2 regions, to contextualize infectious pathologies according to their classification: viral, bacterial, parasitic and
caused by fungi in the geographical areas or countries of the Region where they have been studied in the historical
context (1982-1983; 1997-1998 and 2016-2017) periods of the ENSO considered strong. A bibliographic, descriptive,
documentary, retrospective and cross-sectional review was carried out during the months of October 2023 to March
2024. Sea Surface Temperatures (SST) are higher than average, observed throughout the equatorial Pacific Ocean, with
anomalies being greater in the central and central-eastern Pacific. For ENSO 2023-2024, in the Nifio 4 region the last
calculated values of the Nifio index remained at a temperature of +1.4 °C, in the Nifio 3,4 region it was +1.9, in the
Nifio -3 region it was +2.0 °C while in the Nifio-1+2 regions it weakened to +1.0 °C. The highest incidence and pre-
valence of ENSO infection (1997-1998) in Ecuador stands out, accounting for an increase in 13 infectious pathologies.
Attention must be paid and the links between the environment and the risk of infection must be better understood.

Keywords: ENSO, temperature, climate, changes, infectious pathologies.
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Resumen

Los cambios climaticos causados por el Nifio oscilacién sur (ENOS) influyen significativamente en las enfermedades
humanas, debido a que esté relacionado con anomalias en las precipitaciones o perfodos de sequia. El presente trabajo
estableci6 como objetivos especificos: evaluar las anomalias del promedio de la temperatura de la superficie del mar,
calcular el promedio de la temperatura de la superficie del mar de las regiones del Nifio y Nifio 142, contextualizar
las patologifas infecciosas segtn su clasificacion: virales, bacterianas, parasitarias y causadas por hongos en las areas
geograficas o paises de la Regién donde han sido mds estudiadas en el contexto histérico (1982-1983; 1997-1998 y
2016-2017) periodos de ENOS considerados fuertes. Se realiz6 una revision bibliografica, descriptiva, documental,
retrospectiva y de corte transversal durante los meses de octubre 2023 a marzo de 2024. Las temperaturas de la Super-
ficie del Mar (TSM) son superiores al promedio observdandose por todo el Océano Pacifico ecuatorial, siendo mayores
las anomalias en el Pacifico central y centro-este. Para ENOS 2023-2024, en la regién Nifio 4 los dltimos valores calcula-
dos del indice Nifio se mantuvieron a una temperatura de +1,4 °C, en la regién Nifio 3,4 fue de +1.9, en la regién Nifio
-3 fue de +2,0 °C mientras que en la regién Nifo -1+2 se debilit6 a +1,0 °C. Destaca la mayor prevalencia de infeccién
de ENOS (1997-1998) en Ecuador, contabilizando un incremento en 13 patologias infecciosas. Se debe prestar atencién
y comprender mejor los vinculos que existen entre el medio ambiente y los riesgos de infecciéon.

Palabras clave: ENSO, temperatura, clima, cambios, patologias infecciosas.
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El Niiio Southern Oscillation and the prevalence of infectious diseases: review

1 Introduction

The El Nifio/Southern Oscillation (ENSO) is a cli-
matic phenomenon that modulates climate variabi-
lity on both global and national scales on an interan-
nual timescale (NOAA, 2024). ENSO causes abnor-
mal warming of the Pacific Ocean waters near the
coasts of Peru and Ecuador, impacting the Indian
Ocean, equatorial southern Africa, South America,
and marginally Europe (Huarcaya Castilla et al.,
2004; Rua-Uribe et al., 2013). ENSO also refers to
disruptions in the normal circulation of the ocean
and atmosphere (Huarcaya Castilla et al., 2004; Ria-
Uribe et al., 2013; NOAA, 2024). Occurring at in-
tervals of 2 to 7 years, ENSO influences oceanic
components associated with changes in Sea Surfa-
ce Temperature (SST) in the tropical Pacific Ocean
and also affects atmospheric components (Kovats,
2000; NOAA, 2024; Latif et al., 2015). It is related
to variations in atmospheric pressure between the
western and eastern tropical Pacific Ocean, distur-
bing global climate through atmospheric telecon-
nections (Huarcaya Castilla et al., 2004; Rta-Uribe
et al.,, 2013; NOAA, 2024; Carlowicz and Schollaert,
2017; Kovats, 2000; Li et al., 2021).

El Nifio/La Nifia events are parts of the global
climate cycle. El Nifio is characterized by the war-
ming of equatorial Pacific waters, while La Nifia oc-
curs during the cooling phase. During El Nifio, the
western coasts and extreme south of South Ameri-
ca experience intense rainfall, causing higher water
levels, while the northern subcontinent and much
of Central America and the Caribbean suffer from
reduced precipitation, leading to droughts and a
high risk of wildfires. Conversely, La Nifia sees the
opposite pattern (Marinho et al., 2022; Fleck, 2022;
Huarcaya Castilla et al., 2004; Fuller et al., 2009; Mo-
raes et al., 2019; Kovats, 2000; Fan et al., 2017).

Due to the vast size of the Pacific Ocean basin,
which spans one-third of the planet, changes in tem-
perature, wind, and humidity are transmitted glo-
bally. Therefore, ENSO is an ocean-atmosphere in-
teraction phenomenon related to climate variability
(Del Carpio, 2023). Ocean condition variations cau-
se changes in weather patterns and fisheries along
the western coasts of the Americas (NOAA, 2024).
In South America, ENSO impacts result in floo-
ding along the west coast of Ecuador, Peru, and Co-
lombia and droughts in the Amazon and northeast

LA GRANIJA: Revista de Ciencias de la Vida 40(2) 2024:9-37.
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of the continent. Additionally, dry areas in coun-
tries like Peru, Chile, Mexico, and the southwestern
United States often experience flooding from rains
and snow, with arid deserts blooming. Meanwhi-
le, the wetter regions of the Brazilian Amazon and
northeastern United States frequently suffer from
prolonged droughts (Carlowicz and Schollaert,
2017; Huarcaya Castilla et al., 2004; NOAA, 2024;
Cai et al., 2020; Del Carpio, 2023; Lam et al., 2019;
Da Silva et al., 2020; Yglesias-Gonzélez et al., 2023).

The climatic changes caused by ENSO signi-
ficantly influence human diseases. ENSO is asso-
ciated with precipitation anomalies in many cities
worldwide, where excessive rainfall or drought pe-
riods lead to an increase in infections with high epi-
demic risks, such as vector-borne diseases, dermal
diseases, diarrheal illnesses, and lower respiratory
tract infections (Arbo et al., 2022; Flahault et al.,
2016).

These conditions tend to increase infection risks,
exacerbated by poor water storage practices, lack
of access to clean water, insufficient sanitation fa-
cilities, open defecation, unsafe drinking water
supply, and poor solid waste management, lea-
ding to increased pests and vectors (Loayza-Alarico
and De La Cruz-Vargas, 2021; Anderson, 2010; Lam
etal., 2019; Da Silva et al., 2020; Kovats, 2000; Molle-
da and Veldsquez, 2022; Arbo et al., 2022; Woyessa
etal., 2023).

Malaria is one of the most studied diseases in
this context. A study conducted in Piura, Peru, bet-
ween 1996 and 1997 found that the highest inci-
dence of cases occurred in May, following the April
rains (Huarcaya Castilla et al., 2004; Cai et al., 2020).
The research revealed that breeding sites and vector
development increased, with transmission favored
by ambient temperature even at unusual altitudes.
This observation was corroborated in western Ken-
ya, where malaria outbreaks were noted at altitudes
above 2000 meters if temperatures exceeded 18 °C
and precipitation surpassed 15 mm?/month (Huar-
caya Castilla et al., 2004). Such climatic changes
influence the living conditions, longevity, and dy-
namics of adult Anopheles mosquitoes, impacting
disease transmission (Huarcaya Castilla et al., 2004).

Similarly, a team of researchers found a strong
relationship between ENSO-driven weather con-
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ditions in the Pacific and dengue epidemics in Sri
Lanka. Their findings indicated that the dengue risk
increased with weekly rainfall exceeding 50 mm.
The strongest correlation between precipitation and
dengue occurred six to ten weeks after weekly rain-
fall exceeded 300 mm, under extremely humid con-
ditions and high flooding probability. They noted
that temperatures rising to 30 °C or higher consis-
tently increased the dengue risk, with a delay of
four weeks post-event (Liyanage et al., 2016; Fuller
et al., 2009).

ENSO’s global climatic variability influences
social and economic components, but its impact
on human health is not well understood (Anttila-
Hughes et al., 2021). During ENSO periods in coas-
tal regions near the Pacific Ocean, anomalies in tem-
perature and precipitation often result in landslides,
floods, wildfires, droughts, and other natural di-
sasters, affecting community health. It is crucial to
identify the prevalence of diseases triggered by the-
se extreme weather events to develop prevention
plans to mitigate epidemics or vector-borne infec-
tious, viral, bacterial, parasitic, or fungal diseases.

This literature review was conducted to evalua-
te sea surface temperature anomalies, calculate the
average sea surface temperature in Nifio regions,
analyze ENSO temperature increases in Nifio 1+2
Region (Pacific region affecting Ecuador), based on
data from the National Oceanic and Atmospheric
Administration (NOAA). The review also exami-
ned air temperature and monthly precipitation to
contextualize and classify infectious diseases into
viral (Dengue, Zika, Chikungunya, Rift Valley Fe-
ver, Influenza, Enterovirus), bacterial (Leptospiro-
sis, Shigellosis, Cholera, Salmonellosis, Plague), pa-
rasitic (Cryptosporidiosis, Schistosomiasis, Leish-
maniasis), and fungal (Mycosis, Coccidioidomyco-
sis, Pityriasis) categories that have affected popula-
tions in regions studied during strong ENSO events
in 1982-1983, 1997-1998, and 2016-2017.

2 Materials and Methods

A bibliographic, descriptive, documentary, re-
trospective, and cross-sectional investigation was
conducted between October 2023 and March
2024. The study was structured through a li-
terature search in the Pubmed database (https:

12

//pubmed.ncbinlm.nih.gov/). Additionally, arti-
cles published by the WHO (https://www.paho.
org/es, https://www.cdc.gov/), and the National
Oceanic and Atmospheric Administration (https://
www.noaa.gov/education/resource-collections/
weather-atmosphere/el-nino) were considered.

The following search equations were used as
filters in the search engine bar, using DeCS/MeSH
descriptors: “Infectious Diseases”, “Vector-Borne
Diseases”, “Dengue”, “Zika”, “Chikungunya”,
“Rift Valley Fever”, “Respiratory Diseases”,
“Diarrhea”, “Cholera”, “Salmonellosis”, “Shigello-
sis”, “Plague”, “Hantavirus”, “Cryptosporidiosis”,
“Leishmaniasis”, “Mycosis”, “Coccidioidomyco-
sis”, and “Pityriasis” for the classification of viral,
bacterial, parasitic, and fungal diseases. To associate
infectious diseases with climatic factors, the follo-
wing terms were searched: “ENSO”, “ENSO and
diseases”, all combined with the Boolean operators
AND, OR, NOT, and NOR. Figure 1 shows the al-
gorithm used to select articles and the search and
selection strategy for carrying out the bibliographic
review.

Inclusion criteria were as follows: articles pu-
blished from 2000 to 2023, focusing on infectious
diseases and their relationship with ENSO climatic
variations during the strong periods of 1982-1983,
1997-1998, and 2016-2017. Original peer-reviewed
articles in indexed journals, comparative studies,
evaluation, and meta-analyses published in En-
glish, Spanish, and Portuguese were included. The-
se articles provided quantitative associations with
epidemiological data between viral, bacterial, pa-
rasitic, and fungal diseases in the population and
ENSO. Excluded from the research were guidelines,
letters to the editor, editorials, theses, and disserta-
tions. Articles in languages other than Spanish, En-
glish, or Portuguese, and those not published bet-
ween 2000 and 2023 were also excluded.

2.1 Data collection

The literature search was verified twice to ensure
consistent results. For vector-borne viral diseases,
the following articles were found: 429 for dengue,
139 for Zika, 182 for Chikungunya, 156 for Rift Va-
lley Fever, 91 for Leptospirosis, 235 for Influenza, 19
for Enterovirus, 69 for Salmonellosis, 33 for Plague,
3 for Shigellosis, 38 for Cryptosporidiosis, 111 for

LA GRANJA: Revista de Ciencias de la Vida 40(2) 2024:9-37.
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Leishmaniasis, 2 for Mycosis, and 3 for Coccidioi-
domycosis. These articles were evaluated to apply
exclusion and inclusion criteria, then organized in
an Excel sheet by infectious disease, ENSO year, and
geographic area to select those best suited to the
study objectives.

E—
c
=
frer}
s Paper identified in the database:
=
=
c PUBMED = (n = 1641)
(7]
=
-
)
Duplicate papers
(n=641)
g
‘= Articles after removing duplicate:
© (n=1000)
[¥)
v
Excluded by titles and summary
(n=900)
—
‘)
>
=
:: Articles selected for full reading
[ =
a (n=100)
w
\ J
‘)
o
7]
© Selected articles with relevant
% information that met the criteria
c (n=63)
" J

Subsequently, the selection of articles was based
on the geographic area affected by ENSO, the years
in which data were recorded (1982-1983, 1997-1998,
2016-2017), and the type of infectious disease pre-
sented (viral, bacterial, parasitic, and fungal).

Reason for exclusion
Articles that does not complain with the
objective: (n=200)
Thesis: (n=100)
Other geographical area : (n=300)
Idiomas diferentes: (300)

Figure 1. Algorithm Used for Article Selection. Search strategy and selection of scientific articles for conducting the literature
review.

3 Results and Discussion

Figure 2 shows that Sea Surface Temperatures (55T)
are above average across the equatorial Pacific
Ocean, with the greatest anomalies observed in the
central and east-central Pacific. According to the

LA GRANIJA: Revista de Ciencias de la Vida 40(2) 2024:9-37.
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National Oceanic and Atmospheric Administration
(NOAA), NOAA'’s Climate Prediction Center, and
the National Weather Service, there is a 73 % proba-
bility that the 2023-2024 ENSO will be considered
"Neutral"for the months of April to June 2024. In
December 2023, positive subsurface temperature
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anomalies in the Pacific Ocean decreased, indica-
ting a strengthening and eastward expansion of
subsurface temperatures that will be below avera-
ge in the Western Pacific (NOAA, 2024). Therefore,
ENSO in some Nifio regions may not cause as much
damage as the strong El Nifio events.

Due to the vast expanse of the Pacific Ocean,

ENSO has been divided into Nifio regions or areas.
According to the ENSO regions in the Pacific Ocean
(Figure 3), for the 2023-2024 El Nifio event, the latest
calculated Nifio index values were as follows: in the
Nifio 4 region, the temperature remained at +1.4 °C;
in the Nifio 3.4 region, it was +1.9 °C; in the Nifio 3
region, it was +2.0 °C; while in the Nifio 1+2 region,
it weakened to +1.0 °C (NOAA, 2024).

SST Anomalies (*C)
05 JUN 2024

140W 1200 100W 80W
[ [
0.5 1 2 3

Figure 2. Anomalies of the Average Sea Surface Temperature (SST) °C for the Week Centered on January 3, 2024. The anomalies
are calculated relative to the weekly averages of the 1991-2000 base period. Source: NOAA, (2024).

In the Nifio 4 and Nifio 3.4 regions, SST increa-
sed from April, progressively rising from June and
peaking in December. The Nifio 3 region showed an
increase in SST starting in March, with the highest
temperatures observed during September, October,
November, and December 2023. In the Nifio 1+2 re-
gion, which affects countries such as Ecuador and
Peru, temperatures increased from February, remai-
ned high until June, decreased, and then rose again
from July through December, starting to decline in
December.

Figure 4 shows the evolution of ENSO from
1957-58, 1965-66, 1982-1983, 1991-1992, 1997-1998,
2009-2010, 2015-2016, up to November 2023, with
respect to temperature (the years in red are consi-
dered strong El Nifio events). This graph eviden-
ces how the 1982-83 ENSO period evidenced tem-
peratures rise by 4 °C from July to January, and
during the 1997-1998 El Nifio event, temperatu-
res also reached 4 °C from March to September
(NOAA, 2024). The Nifio 1+2 region is the area

14

of the Pacific Ocean used to observe the climatic
variations caused by ENSO in Peru and Ecuador.
This graph shows sea surface temperature (SST)
anomalies in the Nifio 1 and Nifio 2 regions with
coordinates 0-10° South, 90° West, 80° West. The va-
lues were calculated from the monthly ERSST V5
by NOAA/CPC (NOAA, 2024).

The El Nifio events of 1982-1983 and 1997-1998
are considered the most significant of the 20th cen-
tury due to the severe catastrophes they caused, es-
pecially in South America, which prompted govern-
ments and researchers to conduct more studies to
understand the nature of ENSO and, thus, predict
it to mitigate the impact of climatic disasters caused
by this event (Kovats, 2000). The black line repre-
sents the 2023-2024 ENSO, where the SST begins to
decrease from January 2024. For this reason, the El
Nifio phenomenon of this period is considered neu-
tral or moderate because temperatures did not ex-
ceed 2.5 °C (NOAA, 2024).
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Figure 3. Time Series of the Average Sea Surface Temperature Anomalies. Anomalies in °C for the Nifio regions: Nifio-1+2
(0°S, 90°W-80°W), Nifio-3 (5°S, 150°W-90°W), Nifio-3.4 (5°N-5°S, 170°W-120°W), and Nifio-4 (5°N-5°S, 150°W-160°E). The
anomalies are calculated relative to the weekly averages of the 1991-2000 base period. Source: NOAA ,(2024).

Table 1 shows the prevalence of infectious disea-
ses during the strongest El Nifio events of the 20th
century (1982-1983, 1994-1995, 1997-1998) reported
for South American countries such as Ecuador, Pe-
ru, Bolivia, Venezuela, and Colombia. The highest
incidence and prevalence of ENSO (1997-1998) was
observed in Ecuador, with an increase in 13 infec-
tious diseases. Brazil ranks second, showing an in-
crease in encephalitis cases (Rio, West Nile Virus,
and Rocio) during the 1994-1995 El Nifio. Thirdly,
malaria cases rose significantly in Bolivia, Colom-
bia, Ecuador, Peru, and Venezuela during the 1982-
1983 event. Similarly, dengue cases in Ecuador, Pe-
ru, and Brazil increased significantly in 2016-2017.

In Table 2, out of a total of 1641 articles found
in the consulted database, 63 articles that met the
review’s objectives and inclusion/exclusion criteria
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were selected. These articles are classified according
to the type of disease: viral, bacterial, parasitic, and
fungal. From the 1641 articles, 429 were related to
Dengue, of which 10 were selected as they met the
study’s objectives. For Zika, 6 out of 139 articles we-
re selected. For Rift Valley Fever, 3 out of 156 articles
were selected. For Enterovirus, 3 out of 19 articles
were selected. For infectious Gastroenteritis, 1 out
of 42 articles was selected. For Influenza, 6 out of
235 articles were selected.

Regarding bacterial diseases, 7 out of 91 articles
on Leptospirosis were selected. For Cholera, 4 out
of 273 articles were selected. For Shigellosis, 2 out
of 3 articles were selected. For Plague, 2 out of 33
articles were selected. In the literature search on pa-
rasitic diseases, 2 out of 111 articles on Leishmania-
sis were selected. For Cryptosporidium, 2 out of 38
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articles were selected. For Cyclospora, 1 out of 6 ar-
ticles was selected. For fungal diseases, 1 out of 2
articles on Mycosis was selected, and 2 out of 3 arti-
cles on Coccidioidomycosis were selected. Additio-

nally, 5 articles that dealt with infectious diseases in
general and the influence of ENSO were selected, as
they were considered relevant and met the study’s
objectives.

Figure 4. Sea Surface Temperature (SST) Relationship from the 1950 El Nifio Event to the 2023 El Nifio Event. Source: NOAA,
(2024).

Fisman et al. (2016) conducted a study related to
ENSO and infectious diseases in the United States.
They identified groups of diseases that can cau-
se epidemiological changes due to climate change:
vector-borne diseases, viral diseases causing con-
ditions such as pneumonia and influenza, enteric
diseases, bacterial, zoonotic, parasitic, and fungal
diseases. Evaluations of historical ENSO events did
not show the presence of fungal diseases, sugges-
ting that daily morbidity records from health cen-
ters and hospitals should be reviewed to determine
their occurrence.

Due to the irregular periodicity of ENSO with
strong temperature and precipitation variability
patterns affecting the risk of infectious diseases, so-
me studies demonstrated a significant impact on
vector-borne diseases in the Western United States,
without showing morbidity in other regions. In this
regard, vectors move according to water availabi-
lity needed for breeding site survival, which could
be influenced by either the lack of water resources
or the implementation of permanent vector control
strategies in that region.

16

The study also found an increase in the preva-
lence of tick-borne diseases due to elevated tempe-
ratures and precipitation, which favored the presen-
ce of ticks and other rodents that serve as reservoirs
for diseases such as Babesiosis, Lyme disease, and
Rickettsiosis, among others (Fisman et al., 2016). It
has been documented that the transmission rate of
microorganisms is higher with shorter tick life cy-
cles due to high temperatures, suggesting that EN-
SO could increase the number of tick-borne disease
cases beyond usual expectations (Rodriguez Arranz
and Oteo Revuelta, 2016).

3.1 El Nino Southern Oscillation and viral
diseases

Lietal. (2016) evaluated an emerging viral infection
caused by Coxsackievirus 16 and Enterovirus, affec-
ting children and infants in China. The clinical pre-
sentation includes fever, vesicles, and ulcers in the
hands, feet, and mouth. While clinical symptoms
can be mild, severe neurological symptoms such
as meningitis, encephalitis and polio-like paralysis
can occur, as well as pulmonary edema. The study
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